Abstract Heat shock proteins (Hsp) are families of highly conserved molecules and immunodominant antigens in some infections and in autoimmune diseases. Some reports suggest that different regions of the Hsp60 molecule induce distinct immune responses. However, there are no reports comparing physiological T-cell reactivity to Hsp60 in mice. In this study, we have analyzed T-cell proliferation and cytokine production induced by Hsp60, under physiological conditions, in three mouse strains bearing distinct major histocompatibility complex (MHC) backgrounds. Proliferative response predominantly was found in C57BL/6 mice, mostly induced by N-terminal and intermediate Hsp60 peptides (P Ͻ 0.0001). Interferon-␥ (IFN␥) production was broadly induced by different regions of Hsp60 in all three mouse strains, although response was focused in different peptide groups in each strain. We did not observe an exclusive Th1 or Th2 cytokine profile induced by any particular region of Hsp60. However, we identified a strain hierarchy in IL-10 production induced by Hsp60 peptides from different regions, mostly detected in C3H/HePas, and in BALB/c, but not in C57BL/6 mice. In contrast, IL-4 production only was induced by the intermediate and C-terminal region peptides in both C3H/HePas and BALB/c mice. Our data give original information on physiological cellular reactivity to Hsp60. We also have identified peptides with the capacity to induce the production of anti-inflammatory cytokines, bringing perspectives for their use in immunotherapy of chronic inflammatory diseases and allograft rejection.
INTRODUCTION
Heat shock proteins (Hsp) are families of highly conserved molecules present in all eukaryotic and prokaryotic species (Hightower and Guidon 1989) . These proteins have essential functions as chaperone, taking part in the assembly, stabilization, folding, and translocation of oligomeric proteins, and are classified into several families on the basis of their molecular weight (100, 90, 70, 60, 40 kDA and low molecular weight; Lindquist and Craig 1988) .
In addition to their intracellular functions, Hsp are re-ported to be immunodominant molecules in many infectious diseases (Kaufmann 1990 ). The phylogenetic similarity between microbial and mammalian Hsp60 and the crossreactivity induced by this protein suggest that Hsp60 may act as a potentially harmful self-antigen under inflammatory conditions (Jones et al 1993) . T-cell immunity to Hsp60 has been reported to be predominantly proinflammatory and implicated in different pathological conditions such as arthritis (Gaston et al 1990) , type I diabetes (Elias et al 1990) , and graft rejection (Moliterno et al 1995) , suggesting that reactivity induced by Hsp60 participates in the inflammatory process, activating both innate and adaptative immunity (Prohaszka and Fust 2004) . On the other hand, various studies have shown that T-cell reactivity to Hsp60 may have immunoregulatory activity, indicating that Hsp60 also has the potential to suppress the aggressive immune response elicited in in-flammatory diseases both in humans, such as in rheumatoid arthritis (van Roon et al 1997; de Kleer et al 2003) , type I diabetes (Cohen 2002) , and autoimmune uveitis (Stanford et al 2004) , and in animal models of autoimmune adjuvant-induced arthritis (van Eden et al 1988) and diabetes (Elias and Cohen 1994) .
In contrast to the vast number of reports on cellular and humoral immunity to Hsp in different pathological contexts, autoreactivity to Hsp60 has not been as explored in physiological conditions. The relevance of studying physiological and potentially beneficial autoimmunity is gaining more strength among different research groups, mostly stimulated by the observations that subpopulations of autoreactive T-cells in fact may develop into regulatory T-cells, which play an important role in keeping self-tolerance (van Eden et al 2005a) . This opens a physiological avenue for using beneficial autoimmunity for immunoregulatory therapeutic strategies.
In this study, we have analyzed T-cell proliferation and cytokine production induced by recombinant human Hsp60 molecule and its fragments corresponding to the intermediate and C-terminal regions, and to Hsp60 peptides, in three mouse strains bearing distinct major histocompatibility complex (MHC) backgrounds. Cellular reactivity to Hsp60 was quite diverse in these three mouse strains. Proliferative response predominantly was found in C57BL/6 mice, mostly induced by N-terminal and intermediate Hsp60 peptides, which also induced interferon-␥ (IFN␥) production. In contrast, almost no proliferation was detected in BALB/c and C3H/HePas mice. We did not observe an exclusive Th1 or Th2 cytokine profile induced by any particular region of Hsp60. However, IL-4 production only was induced by the intermediate and C-terminal region peptides in both BALB/c and C3H/HePas mice, whereas IL-10 production was induced by peptides from different regions. Our data bring original information on physiological cellular reactivity to Hsp60 in naive mice, indicating the existence of strain and individual variability and suggesting that, in some mouse strains, certain regions of the molecule preferentially may induce some cytokines.
MATERIALS AND METHODS

Animals
We used 6-to 8-week-old male BALB/c (H-2 d ), C57BL/ 6(H-2 b ), and C3H/HePas (H-2 k ) mice. These animals were provided by the animal facility from the Biomedical Sciences Institute from the University of São Paulo, Brazil. Mice were housed in autoclaved microisolator cages (Tecniplast S.p.a, VA, Italy) at the animal facility of the Tropical Medicine Institute, University of São Paulo, Brazil. These animals were fed with autoclaved food (Nuvilab, SP, Brazil) ) and sterilized water. All manipulations were performed under sterile conditions and according to the Brazilian Committee for animal care and use guidelines.
Expression and purification of recombinant Hsp60 and its fragments
Human Hsp60 and its intermediate ; Hsp60 amino acid residues 195-391) and C-terminal ([C-Hsp60]; Hsp60 amino acid residues 392-573) fragments were expressed in Escherichia coli BL21 pLysS (DE3) and purified as described previously (Caldas et al 2006) . Briefly, transformed cells were grown in 2YT/ampicillin/cloranphenicol medium and induced with isopropyl-thio-2-D galactopyranoside (IPTG). French Press (Thermospectronic, Waltham, MA, USA) disrupted the cells and these proteins were purified in a Ni ϩ2 -charged Sepharose column (Chelating Sepharose Fast Flow, Amersham Pharmacia Biotech, Uppsala, Sweden). Contaminant lipopolysacharide (LPS) was removed using Triton X-114, as described previously (Aida and Pabst 1990) . Quantification of endotoxin contamination in protein preparations was performed with the Lymulus amoebocyte lysate kit (QCL-1000, Biowhittaker, Cambrex Inc, Walkerville, MD, USA). The endotoxin concentrations in our proteins were Ͻ0.01 EU/g of protein. Quantification of protein was performed by bicinchoninic acid (BCA) kit assay (Pierce Biotechnology Inc, Rockford, IL, USA) and resolved in sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE).
Peptide synthesis
Eleven peptides from different regions of human Hsp60 were designed previously according to human leukocyte antigen (HLA)-DR interaction using a computer algorithm called TEPITOPE, for the T-cell studies we have been carrying out in the human system (Caldas et al 2006) . These peptides were synthesized in an automated multiple peptide synthesizer (PSSM8 Shimadzu Co, Tokyo, Japan) using N-␣-fluorenylmehoxycarbonyl (Fmoc) solid-phase strategy (Wellings and Atherton 1997;  Table  1 ). The valine-substituted version of the p277 peptide was synthesized as described by Birk et al 1996. Peptides were analyzed by matrix-assisted laser desorption ionization time-of-flight (MALDI-TOF) mass spectrometry (Tof-Spec E, Micromass, Manchester, UK) and by analytical reversephase high profile liquid chromatography (HPLC) (Shimadzu Inc., Tokyo, Japan).
T-cell proliferation
T-cell proliferative response was evaluated using spleen cells from naive mice. Briefly, 2.5 ϫ 10 5 cells in 200 l/ 
Cytokine enzyme-linked immunosorbent assay
Culture supernatants from 10 6 spleen cells/well were harvested for 48 h in the same culture conditions as described for proliferation assays and tested for IFN␥, IL-4, and IL-10 by sandwich-linked immunosorbent assay (ELISA). Briefly, 96-well plates (model 3369, High Binding, Costar, Corning, NY, USA) were coated with 50 l of capture antibodies (Pharmigen, BD-Biosciences, San Jose, CA, USA), anti-IFN␥ (R4-6A2), anti-IL-4 (BVD4-1D11), and anti-IL-10 (JES5-2A5) in sodium carbonatebicarbonate buffer (pH ϭ 9.6) and incubated overnight at 4ЊC. Plates then were blocked for 2 h at room temperature with 200 /well phosphate-buffered saline (PBS) containing 1% of bovine serum albumin ([BSA], Sigma Aldrich, St Louis, MO, USA) and washed with PBS containing 0.05% Tween 20. Standard curve (2000-15.6 pg/ml) and supernatant samples were added in duplicate and incubated overnight at 4ЊC. Biotinylated secondary antibodies anti-IFN␥ (XMG1.2), anti-IL-4 (BVD6-24G2), and anti-IL-10 (SXC-1) were added and incubated for 60 min, and avidin-peroxidase (Pharmigen) was added. Assays were developed with o-phenylenediamine ([OPD], Sigma Aldrich), and absorbance was measured at 490 nm using ELISA microplate reader (model 1550, Bio-Rad Laboratories Inc, Hercules, CA, USA). Analysis was performed using Microplate Manager 4.0 Software (Bio-Rad Laboratories Inc) based on the standard concentration curve. Cytokine production was considered positive over the detection limit of each cytokine: 62.5 pg/ml for IFN␥ and 31 pg/ml for IL-4 and IL-10. Cytokine production induced by antigens or ConA was considered over the spontaneous production of cells alone without antigen. When no spontaneous production was observed, antigeninduced production was calculated over the detection limit of the assay.
Statistical analysis
All statistical analyses and graphics were performed using GraphPad InStat version 3.00, GraphPad Software Inc, and GraphPad Prism version 3.02 software (San Diego, CA). Kruskall Wallis and two-tailed Mann Whitney U-test were used for median comparison between stimulation index and cytokine production. These median values were calculated using individual stimulus. We also calculated median level of cytokine production for each cytokine per mouse strain. In addition, for comparison of responses induced by different Hsp60 regions, we calculated the median level of response to N-terminal and intermediate and C-terminal Hsp60 peptides grouping the positive responses or cytokine production induced by peptides from these regions. The P value Ͻ0.05 was considered statistically significant.
RESULTS
Hsp60 peptides from N-terminal and intermediate regions induced significantly higher proliferation in C57BL/6 mice
Comparing the proliferative response in the three strains of mice, C57BL/6 presented the most frequent and intense proliferative response induced mainly by peptides from N-terminal and intermediate regions of Hsp60 ( Fig  1A) . In this mouse strain, 8 out of 10 animals presented spleen cell proliferation induced by peptide I-285 from the intermediate region (median of SI ϭ 4.7), which was recognized preferentially by C57BL/6 mice ( Table 2 ). The proliferative response induced by I-285 peptide in this mouse strain was significantly higher than in both BALB/c and C3H/HePas mice (P Ͻ 0.01). Additionally, peptides N-87, N-136, I-269, and I-321 induced proliferative response in 40% of C57BL/6 mice, but C-554 and p277 peptides did not elicit proliferation.
In contrast with C57BL/6 mice, we observed almost no proliferative response induced by Hsp60, peptides, or fragments in BALB/c (Fig 1B) . Only Hsp60 and C-terminal peptides C-449 and C-554 induced proliferation in 2 out of 10 BALB/c mice ( Fig 1B; Table 2 ). Similarly, in C3H/HePas mice, proliferation was infrequent and preferentially directed to peptides form the C-terminal region, namely C-539, C-554, and p277, in 10 to 30% of mice, as well as to Hsp60 and its fragments ( Fig 1C; Table  2 ).
Both intra-and interstrain differences were analyzed for proliferation induced by Hsp60 peptides, grouped according to N-, I-, and C-regions. C57BL/6 mice showed significantly higher proliferation induced by both N-terminal and intermediate peptides in comparison with C-terminal peptides (P ϭ 0.0014; Fig 1D) . The comparative analysis of the 3 mouse strains (Fig 1D) showed strong statistically significant differences of the median proliferative response (P Ͻ 0.0001). C57BL/6 mice presented significantly higher proliferative response to N-terminal and intermediate region peptides (P Ͻ 0.001) and to C-terminal peptides (P Ͻ 0.05) than BALB/c mice. Moreover, C57BL/6 mice also displayed significantly higher response to peptides from the intermediate region (P Ͻ 0.001), and N-terminal (P Ͻ 0.05) than C3H/HePas mice, but not to C-terminal peptides (P Ͼ 0.05). In contrast, we did not observe significant difference when proliferation to N-terminal and C-terminal peptides was compared between BALB/c and C3H/HePas groups (P Ͼ 0.05).
N-terminal and intermediate Hsp60 peptides were the major IFN␥ inducers
Although, IFN␥ was the most frequently detected cytokine in response to different Hsp60 peptides in BALB/c and C57BL/6 mice, it was only detected in 3 out of 10 mice of each strain. C3H/HePas also presented IFN␥ production induced by different Hsp60 peptides. However, this mouse strain had a much higher frequency of IL-10 production. Median levels of overall IFN␥ production essentially were the same in the 3 mouse strains 67.9 pg/ ml, 60.4 pg/ml, and 60.8 pg/ml, for C57BL/6, BALB/c, and C3H/HePas, respectively (data not shown).
We observed IFN␥ production induced by N-76 and I-269 peptides in 3 out of 10 C57BL/6 mice (Fig 2A; Table  2 ). On the other hand, peptides N-136, I-223, and p277 did not induce IFN␥ production in this mouse strain, and peptide I-285, which was immunodominant in the proliferative response, only induced IFN␥ in one animal.
In BALB/c mice, peptides N-87, I-269, I-285, and C-449 induced a higher frequency of IFN␥ production, in 3 out of 10 each ( Fig 2B; Table 2 ). On the other hand, peptides p277 and I-321 did not induce IFN␥ production. In C3H/HePas, the most frequent inducers of IFN␥ production were peptides N-87, I-223, and I-269 in 2 to 3 out of 10 mice ( Fig 2C; Table 2 ). Peptides N-76, I-285, I-321, and C-539 did not induce IFN␥ production in this mouse strain.
Significant differences were detected (P Ͻ 0.05) in IFN␥ production when Hsp60 peptides were grouped in N, I, and C regions (Fig 2D) . N-terminal peptides induced higher IFN␥ production when compared to C-terminal peptides in the C3H/HePas mouse strain (Fig 2D; P Ͻ 0.05). We also observed significant interstrain differences (P Ͻ 0.05). N-terminal peptides were higher inducers of IFN␥ production in C3H/HePas mice when compared with BALB/c mice (P ϭ 0.03; Fig 2D) . C-terminal peptides induced more IFN␥ production in C57BL/6 mice in comparison with C3H/HePas mice (P ϭ 0.029).
IL-10 production induced by Hsp60 peptides was predominant in C3H/HePas mice IL-10 was the most predominant cytokine induced by Hsp60 peptides in C3H/HePas mouse strain, with 57% Interferon-␥ production (pg/ml) induced by Hsp60, peptides, and fragments in 48-h culture supernatants of spleen cells (10 6 cells/well) from 10 naive male mice from the following strains: (A) C57BL/6 mice, (B) BALB/c, and (C) C3H/HePas by enzyme-linked immunosorbent assay (ELISA). Cells were stimulated with Hsp60, its fragments, and 11 Hsp60-derived peptides at 10 g/ml and Concanavalin A (ConA) 4 g/ml as control. Detection limit was 62.5 pg/ml. Cytokine production induced by antigen was calculated over spontaneous production of cells without antigen or over the detection limit. peptides elicited more IFN␥ production (median pg/ml) in C3H/HePas mice than in BALB/c mice (P ϭ 0.032). Also, C-terminal-derived Hsp60 peptides showed more cytokine production in C57BL/6 than in C3H/HePas mice (P ϭ 0.029). These results are from two independent experiments. of mice presenting IL-10 production induced by at least one peptide (Table 2) . Almost all peptides were capable of inducing IL-10 production, with a median of 115 pg/ ml (Fig 3C) . Some peptides induced higher levels of IL-10, namely, I-269 and C-449 with median of 151 pg/ml and 75 pg/ml, respectively, of cytokine production. The most frequent inducers of IL-10 were peptides I-223, I-269, C-449, and p277, which induced the production of this cytokine in 4 out of 7 tested mice ( Fig 3C; Table 2 ).
In contrast with C3H/HePas, C57BL/6 mice presented no IL-10 production induced by any peptide and, in BALB/c mice, the IL-10 production was lower (median of 40.8 pg/ml) and induced by 7 peptides from different regions of Hsp60 in only 1 to 2 out of 10 mice ( Fig 3A;  Table 2 ).
Analyzing the median production of cytokine induced by Hsp60 peptides grouped by regions (Fig 3D) , peptides from the intermediate and C-terminal regions induced significantly more IL-10 production in C3H/HePas when compared with BALB/c mice (P ϭ 0.014 and P ϭ 0.049, respectively). IL-4 production was the least-frequent cytokine induced by Hsp60 peptides and exclusively induced by C-terminal peptides (C-449, C-539, p277) in BALB/c mice, with median of 76.9 pg/ml ( Fig 4B, Table 2 ) and by C-terminal (C-449, p277) and the intermediate region peptides (I-269, I-321) in C3H/HePas mice, with a median of 29.4 pg/ml (Fig 4C) , and in one C57BL/6 mouse ( Fig 4A) .
Hsp60 and I-Hsp60, C-Hsp60 fragments induced both IFN and IL-10 production
Hsp60 induced IFN␥ production in all three mouse strains (Fig 2; Table 2 ), though BALB/c and C3H/HePas displayed higher frequency, with 4 out of 10 mice and 2 out of 7 mice, respectively (Table 2) .
On the other hand, IFN␥ production induced by I-Hsp60 and C-Hsp60 fragments was detected in only 1 and 2 out of 10 C3H/HePas mice, respectively, but not in BALB/c or C57BL/6 (Fig 2A,B,C ; Table 2 ).
IL-10 production was induced by I-Hsp60, C-Hsp60, (10 6 cell/well) from 7 to 10 male naive mice from the following strains: (A) C57BL/6 mice, (B) BALB/c, and (C) C3H/HePas by enzyme-linked immunosorbent assay (ELISA). Cells were stimulated with Hsp60, its fragments, and 11 Hsp60-derived peptides at 10 g/ml and Concanavalin A (ConA) 4 g/ml as control. Detection limit was 31.5 pg/ml. Cytokine production induced by antigen was calculated over spontaneous production of cells without antigen or over the detection limit. (A) We did not observe IL-10 production induced by Hsp60 peptides in C57BL/6 mice. (B) In BALB/c mice, IL-10 production was low and induced by peptides from different regions of Hsp60. (C) IL-10 production in C3H/HePas mice was higher than in BALB/c and C57BL/6 mice and was induced by peptides and proteins from different regions of Hsp60 molecule, predominantly (I-223, I-269, C-449, p277, I-Hsp60, and Hsp60). (D) Hsp60 peptides grouped by Hsp60 regions showed that both I-and C-terminalderived Hsp60 peptides elicited more IL-10 production (median pg/ml) in C3H/HePas than in BALB/c mice, with P ϭ 0.049 and P ϭ 0.014, respectively. These results are from two independent experiments. and Hsp60 in up to 3 out of 7 C3H/Hepas mice ( Fig 3C;  Table 2 ) and by C-Hsp60 in one BALB/c mouse (Table 2) . Hsp60 fragments did not induce IL-4 production in any of the 3 mouse strains.
DISCUSSION
Besides its potential involvement in autoimmune diseases, autoreactivity to Hsp60 is considered to play an important role in immunoregulation, and peptides from Hsp60 have been shown to present immunoregulatory properties both in animal models and in humans (Pockley and Muthana 2005; van Eden et al 2005b) However, the discrimination between pathological and beneficial autoimmunity to Hsp60 (as well as to other self-antigens) still is a challenge, and it is not clear whether or not different regions of the Hsp60 molecule may determine these opposing functional activities. Therefore, the better understanding of autoimmunity to Hsp60 under physiological conditions should contribute to exploring its potential immunoregulatory properties and future development of new immunotherapeutic agents. To our knowledge, this is the first report on cellular reactivity to Hsp60 in different strains of naive mice.
The main observation in this work is that cellular reactivity to Hsp60 (including fragments and peptides) is not homogeneous among different mouse strains, though we did find some strain-dominance in relation to either proliferation or to Th1/Th2 cytokine production. We identified an immunodominant peptide from the intermediate region, peptide I-285 (285-307), which elicited proliferative response in C57BL/6 mice, but not in the two other mouse strains. It is interesting to point that a peptide (p20) sharing sequence homology with I-285 was reported as one of at least 7 peptides from human Hsp60 molecule to induced proliferation in peripheral blood mononuclear cells (PBMC) from type I diabetes mellitus patients and nonobese diabetic (NOD) mice, suggesting IL-4 production (pg/ml) induced by Hsp60, peptides, and fragments in 48-h culture supernatants of spleen cells (10 6 cells/well) from 10 naive male mice from the following strains: (A) C57BL/6, (B) BALB/c, and (C) C3H/HePas mice by enzyme-linked immunosorbent assay (ELISA). Cells were stimulated with Hsp60, its fragments, and 11 Hsp60-derived peptides at 10 g/ml and Concanavalin A (ConA) 4 g/ml as control. Detection limit was 31.5 pg/ml. Cytokine production induced by antigen was calculated over spontaneous production of cells without antigen or over the detection limit. that it may be immunodominant in other contexts (Abulafia-Lapid et al 1999). On the other hand, the reactivity induced by this peptide could not be detected when the intermediate Hsp60 fragment (I-Hsp60) was used in the assay, though it contains this peptide's sequence. One possible explanation is that the intermediate region contains some regulatory sequences capable of inhibiting T-cell proliferation. No reports are published on the anti-inflammatory activity of I-Hsp60 recombinant protein. However, there is a report in which a peptide from Hsp60 intermediate region induced anti-inflammatory cytokine production and prevented the development of autoimmune Uveitis in murine models (Lehner et al 2003) . Further studies are now being carried out to clarify the potential immunomodulatory activity of different regions Hsp60 regions.
In our study, IFN␥ production was induced preferentially by N-terminal peptides in C3H/HePas mice, intermediate region peptides in BALB/c, and C-terminal peptides in C57BL/6 mice, indicating the existence of strain variability in cytokine production. In addition, Hsp60 induced IFN␥ production in BALB/c and C3H/HePas mice. Taking IFN␥ as a predominantly inflammatory cytokine, these data denote Hsp60 as inducer of T-cell proinflammatory repertoire. Accordingly, Hsp60 has been described as a danger signal (Matzinger 1994) , activating innate immunity, tumor necrosis factor alpha (TNF␣), IL-12, and nitric oxide (NO) production (Chen et al 1999) and inducing maturation of dendritic cells (Flohe et al 2003) through toll-like receptor-4 (TLR4) (Ohashi et al 2000) and TLR2 (Zanin-Zhorov et al 2003) activation.
An interesting result in our work was the induction of potentially regulatory cytokines, IL-4 and IL-10, mostly by the intermediate and C-terminal Hsp60 peptides in BALB/c and C3H/HePas mice. This result suggests a Th2 or T-regulatory profile associated with both regions of Hsp60. Also, C-449 and p277 peptides induced a mixed production of cytokines in both mouse strains. These peptides share a common sequence (PALDSLTPANED), which could be involved in inducing this pattern of cytokine production. The p277 peptide was described by Elias et al (1997) as a peptide with immunoregulatory activity, capable of inducing IL-4 and IL-10 and protecting NOD mouse from insulitis both by direct peptide infusion and by passive splenocyte transfer from tolerant mice (Ablamunits et al 1999) . In the clinic, p277 was used in a phase II clinical trial of type I diabetes patients, showing reduction in need of insulin intake and induction of antiinflammatory IL-10 and IL-13 T-cell subpopulations (Raz et al 2001) . In the adjuvant-induced arthritis model (AA) in Lewis rats, reported a peptide (256-270) from the intermediate region of self Hsp60 capable of inducing a predominant IL-10 T-cell production, upregulating CTLA-4 expression, and leading to arthritis resolution. These results also suggest the capacity of mammalian Hsp60 to induce the production of a major antiinflammatory cytokine, though not in all mouse strains. Accordingly, some investigators observed that Hsp60 could induce tolerance with monocytes exposed to repeated stimulation with Hsp60 and crosstolerance with LPS, inducing both proinflammatory (IL-1 and TNF␣) and anti-inflammatory (IL-10) cytokines (Kilmartin and Reen 2004) . Further supporting the immunoregulatory activity of Hsp60, this molecule has been shown to upregulate the Th2-cell promoting GATA3 transcription factor in T-cells, increasing the secretion of IL-10 (Zanin-Zhorov et al 2005) . In line with these data, Kamphuis et al (2005) described that peripheral blood mononuclear cells from patients with juvenile arthritis showed IL-10 production induced by Hsp60 peptides, reinforcing the role of Hsp60 epitopes as potentially anti-inflammatory agents in the prevention and treatment of chronic inflammatory diseases.
We used recombinant Hsp60 and two fragments corresponding to its intermediate (I-Hsp60), C-terminal regions (C-Hsp60), as well as 11 Hsp60 peptides, to study whether different Hsp60 regions induced distinct functional patterns of cellular reactivity in different mouse strains. Seven of these peptides are identical to the mouse sequence and 4 have 90 to 95% of homology (Table 1) . Even though these human Hsp60 peptides have a high homology with mice Hsp60 counterparts, we cannot exclude the possibility that xeno-sequence differences have lead to the lower reactivity described. Comparative studies using both sequences will be developed. We used the valine-substituted version of p277 peptide, as described by others, to present more stability (Birk et al 1996) . The N-terminal fragment (N-Hsp60) was not used in this study due to insufficient production.
In the past years, cumulative data have highlighted the importance of using endotoxin-free Hsp60 for cellular studies because LPS contamination induces the production of several inflammatory cytokines. Therefore, it is noteworthy that the recombinant proteins used in our study were submitted to endotoxin removal with Triton X114, as previously described (Aida and Pabst 1990) , and proteins used had LPS contamination Ͻ0.01 EU/g of protein (Gao and Tsan 2004) .
Given that H-2 background is relevant to antigen presentation to T-cells and recognition via T-cell receptor (TCR), it probably influenced the different patterns of proliferative response induced by different Hsp60 regions, in different mouse strains. Accordingly, Moudgil et al (1997) described a particular pattern of intramolecular determinant spreading process (rat C-terminal diversification), in which two different inbred rat strains recognized distinct regions of Hsp65 and had differential susceptibility to develop and cure adjuvant arthritis. However, it is also possible that the interaction of Hsp60 peptides with TLR in T-cells may contribute to the outcome of T-cell activation and proliferation, as described by others (Cohen-Sfady et al 2005) .
One debated issue yet to be clarified is whether different Hsp60 regions elicit distinct functional activities. It was reported recently that a C-terminal region of Hsp60 (354-366aa) is involved in LPS binding and innate immune activation (Habich et al 2005) , suggesting a potential proinflammatory role induced by this C-terminal region. On the other hand, p277 (437-460), which is also from the C-terminal region, has been reported to have immunoregulatory capacity in animal models of autoimmune disease and in type I diabetes mellitus in humans (Cohen 2002) . In addition, both a DNAHsp60 vaccine encoding 31-50aa from the N-terminal region of mammalian Hsp60 (Quintana et al 2003) and peptides from the C-terminal region of rat Hsp60 (Durai et al 2004) also have been reported to display immunoregulatory activity in adjuvant-induced arthritis models (AA). It is more likely then that different Hsp60 regions may induce multiple functional activities.
It should be mentioned that we did not study the response of other self-antigens, which could be interesting to better dissect the functional diversity of autoreactivity to multiple antigens. It is indeed possible that other selfantigens also display a regulatory role. In the present study, we focused on Hsp60, which has been reported by several investigators to display regulatory activity.
Overall, in the present work, we observed that many peptides induced mostly a mixed production of IFN␥ and IL-10, irrespective of the location on the Hsp60 molecule. Nevertheless, in the context of human renal transplantation, our group recently has reported IFN␥ and IL-10 production induced by Hsp60 peptides in different time points after human kidney transplantation, with IL-10 production mainly induced by I-intermediate and C-terminal peptides in late periods post-transplantation, when patients presented no rejection (Caldas et al 2006) . It is therefore possible that, under certain inflammatory conditions, peptides derived from particular regions of Hsp60 may assume a predominant regulatory activity, though this most likely is to show specie, strain, and interindividual variations. We have identified peptides with the capacity to induce the production of anti-inflammatory cytokines, bringing perspectives for use in immunotherapy of chronic inflammatory diseases. The use of Hsp as agents of immunoregulation may offer opportunities for novel therapies and preventive vaccination in autoimmune diseases (Maron et al 2002; Puga Yung et al 2003; Cohen 2004; van Eden 2006) and in allotransplantation (Birk et al 1999) . 
ACKNOWLEDGMENTS
